Background and objectives: The role of prophylactic pancreatic stenting (PS) in preventing post-endoscopic retrograde cholangio-pancreatography (ERCP) pancreatitis (PEP) has yet to be determined. Most previous studies show beneficial effects in reducing PEP when prophylactic pancreatic stents are used, especially in high-risk ERCP procedures. The present study aimed to address the use of PS in a nationwide register-based study in which the primary outcome was the prophylactic effect of PS in reducing PEP. Methods: All ERCP-procedures registered in the nationwide Swedish Registry for Gallstone Surgery and ERCP (GallRiks) between 2006 and 2014 were studied. The primary outcome was PEP but we also studied other peri-and postoperative complication rates. Results: Data from 43,595 ERCP procedures were analyzed. In the subgroup of patients who received PS with a total diameter 5 Fr, the risk of PEP increased nearly four times compared to those who received PS with a total diameter of >5 Fr (OR 3.58; 95% CI 1.40-11.07). Furthermore, patients who received PS of >5 Fr and >5 cm had a significantly lower pancreatitis frequency compared to those with shorter stents of the same diameter (1.39% vs 15.79%; p ¼ 0.0033). Conclusions: PS with a diameter of >5 Fr and a length of >5 cm seems to have a better protective effect against PEP, compared to shorter and thinner stents. However, in the present version of GallRiks it is not possible to differentiate the exact type of pancreatic stent (apart from material, length and diameter) that has been introduced, so our conclusion must be interpreted with caution.
Introduction
Pancreatitis occurring after endoscopic retrograde cholangio-pancreatography (ERCP) is a common and feared complication. [1] [2] [3] [4] [5] [6] [7] [8] Repeated cannulation of the pancreatic duct, contrast injection, especially to the point of acinar opacification, difficult bile duct cannulation as well as pre-cut sphincterotomy are some of the factors associated with an increased risk of post-ERCP pancreatitis (PEP). [1] [2] [3] [4] [5] [8] [9] [10] A number of prophylactic measures to minimize the risk of PEP have been suggested. One is of course connected to the prophylactic use of nonsteroidal antiinflammatory drugs (NSAIDs), a strategy that seems to steadily be becoming more generally accepted. 11 specified concerning the value of a postprocedural facilitation of the drainage of pancreatic juice through the use of stents. For instance, it has been claimed that prophylactic pancreatic stenting (PS) in high-risk ERCPs, such as when the pancreatic duct has been cannulated, decreased the risk by facilitating the drainage of pancreatic juice into the duodenum. Several previous studies have shown beneficial effects from prophylactic PS in reducing PEP. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] However, the issue of diameter of the pancreatic stent is addressed in only a few studies, mostly single-center reports, and with conflicting results. [29] [30] [31] [32] [33] In a recent meta-analysis, it was concluded that larger stents (5 Fr vs 3 Fr) had a better protective effect against PEP in high-risk ERCP procedures, but the outcome of using even larger (>5 Fr) stents requires further documentation. 29 The aim of this study was to analyze whether PS in ERCP procedures in which the pancreatic duct has been cannulated unintentionally decreases the frequency of PEP. The data used were retrieved from a national validated population-based registry offering the power of a unique sample size of the study cohort to address the protective effect of PS in preventing PEP in ERCP.
Material and methods

Study design
The Swedish National Registry for Gallstone Surgery and ERCP (GallRiks) was established May 1, 2005 as a validated registry of cholecystectomies and ERCP procedures. 34, 35 The aim of the registry is to obtain a complete database including demographics and patient characteristics, indication and treatment methods, as well as outcome, using an online registration platform. For patients undergoing an ERCP, procedure-related information includes bile and/or pancreatic duct cannulation, whether sphincterotomy was performed and any additional diagnostic or therapeutic procedures. Intra-procedural adverse events are registered by the endoscopist. At 30-day followup, all medical records are reviewed and postprocedural adverse events reported online in the registry by a local non-physician coordinator appointed at the respective units. GallRiks includes data from almost all Swedish hospitals performing ERCP. Matching GallRiks data with the Swedish National Patient Registry in 2014 showed that 88% of performed ERCP procedures in Sweden at that stage were registered in GallRiks. The data are validated regularly by an independent audit group that compares register data to in-patient records. There was a complete match between registry data and patient medical records in 98% of patients with a 100% concordance for bile duct injuries. 35 We conducted a nationwide population-based nested case-control study within the cohort of ERCP procedures entered in GallRiks between January 1, 2006 and December 31, 2014. Patients for whom the indication was acute pancreatitis or chronic pancreatitis, ERCP procedures that were not index procedures and patients who had an incomplete 30-day follow-up or missing data were excluded. Furthermore, only patients for whom the intention, as documented by the indication for the investigation, was a selective cannulation of the bile duct (i.e. no intention to cannulate the pancreatic duct) were included ( Figure 1 ). The outcomes studied were general intra-and post-procedural adverse events, specifically ERCP-associated adverse events like pancreatitis and bleeding.
Definitions
For the purpose of this paper, and in accordance with descriptions in the GallRiks database, adverse events were defined and described as per consensus agreement.
Index procedures were defined as the first ERCP in every in-hospital treatment episode within 30 days.
Intra-procedural adverse events were defined as bleeding, extravasation of contrast, perforation or any other reason for the ERCP being terminated prematurely.
Post-procedural adverse events were defined as any complication during the 30-day follow-up period that required some form of medical or surgical intervention.
Pancreatic cannulation is defined as deep or superficial cannulation of the pancreatic duct with subsequent contrast injection.
Pancreatitis was defined as abdominal pain in the presence of an elevated amylase at least three times above normal, at a time point more than 24 hours after terminating the ERCP procedure.
Procedure-related hemorrhage was defined as bleeding that required an intervention or blood transfusion.
Statistics
Statistical analysis was performed using JMP 9.0.0 (SAS, Cary, NC, USA). Comparisons of patient and procedure characteristics were presented in contingency tables with pair-wise differences analyzed with Pearson's Chi-square test and presented as p values. The association between pancreatic duct cannulation and the risk of adverse events, as defined above, were analyzed using multivariable logistic regression modeling. Variables that were statistically significant in univariate analysis were included in the multivariate model as described by Hosmer et al. 36 In the multivariate analysis the outcome was adjusted for age (dichotomized into more or less than 70 years), gender, comorbidity (dichotomized into American Society of Anesthesiologists (ASA) score of 1-2 and ASA 3), urgent or elective procedures, indication and previous sphincterotomy having been performed.
Similar regression modeling was used on the subgroup of patients with a pancreatic duct cannulation, analyzing adverse effects depending on the placement of a pancreatic stent or not. In a final subanalysis, patients receiving PS were dichotomized into two groups, depending on if the total pancreatic stent diameter was >5 Fr or 5 Fr as well as dichotomized into two groups depending on the length of the single pancreatic stent (>5 cm or 5 cm) and analyzed for adverse events.
The models were tested for multicollinearity and effect modification and finally assessed for goodness of fit. The effects of analyzed variables were presented as odds ratios (ORs) for adverse events with 95% confidence intervals (CIs).
Ethics considerations
The regional research ethics committee at Karolinska Institutet, Stockholm, Sweden, approved the study.
Results
Between January 1, 2006 and December 31, 2014, a total of 60,954 ERCP procedures were registered in GallRiks, of which 43,595 met the inclusion criteria ( Figure 1) . The demographics of the study population and indications for ERCP are shown in Table 1 ( Figure 1 ). In the group in which the pancreatic duct was cannulated the risk of PEP was increased threefold (OR 3.07; 95% CI 2.77-3.40), compared to those without pancreatic duct cannulation. Furthermore, intraoperative as well as postoperative adverse events were significantly increased when the pancreatic duct was cannulated ( Table 2 ). In those in whom the pancreatic duct was cannulated and a pancreatic stent inserted there was a twofold increase in intraoperative adverse events, compared to patients who did not receive a stent. Otherwise there were no differences in postoperative adverse events, pancreatitis and bleeding between the two groups ( Table 3 ). In the multivariate analysis patients who received pancreatic stents with a total diameter of 5 Fr had an almost fourfold increase in the PEP-rate compared to those receiving stents with a total diameter of >5 Fr (OR 3.58; 95% CI 1.40-11.07) ( Table 4 ). The stent diameter did not, however, affect the other registered adverse events. In a subgroup analysis in which the length of the pancreatic stent was taken into consideration, a significantly lower pancreatitis frequency was found in those who received a pancreatic stent with both the diameter >5 Fr and a stent length >5 cm ( Table 5 ).
Discussion
This study is to our knowledge to date the largest patient cohort in which the effect of prophylactic PS on the risk of developing procedural-related complications has been evaluated. The most striking finding of the study was that the post-cannulation decompression of the pancreatic duct, in patients in whom the duct was inadvertently cannulated, with a pancreatic stent with a diameter >5 Fr and a length >5 cm was superior to a stent 5 Fr and 5 cm, in preventing PEP. In fact, we registered an almost fourfold increase in PEP when stents 5 Fr were used compared to stents with a diameter of >5 Fr. The increased risk of adverse events, including pancreatitis, if the pancreatic duct was cannulated inadvertently, is in line with previous studies. [1] [2] [3] [4] [5] [6] [8] [9] [10] However, the finding that inserting the pancreatic stent increased the risk of intraoperative adverse events was contrary to most previous reports in the literature. [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] A possible explanation for this could be that endoscopists were more prone to use PS in more complicated ERCP procedures, skewing the results in favor of the non-stented cases, a confounder that could not be fully compensated for even in the multivariate analysis. In a study in which 249 high-risk ERCP patients were randomized to receive either a long 3 Fr or a short 5Fr pancreatic stent, Chahal et al. concluded that long 3 Fr stents were inferior, as this group had more adverse effects, experienced more stent failures and required more ERCP procedures for stent extraction, as the long 3 Fr stents did not dislodge spontaneously. 30 The design of the study, in which both length and diameter varied between the groups, jeopardizes the interpretation of the results, but the overall conclusion of the study, advocating larger stent diameters for better results, is supported by the present findings. The contradictory findings in the literature are exemplified by the study of Pakh et al., who could not show any difference in PEP when comparing 4 Fr and 5 Fr stents and of Rashdan et al., who claimed that lesser diameter stents gave even better results. 32, 33 In a recent metaanalysis it was concluded that larger stents (5 Fr vs 3 Fr) had a better protective effect against PEP in highrisk ERCP procedures, but the outcome of using even larger (>5 Fr) stents requires further documentation. 29 It is interesting to note that in total six randomized controlled trials (RCTs) could collect almost the same number of patients at risk as we prospectively incorporated into this population-based register defined as our target cohort.
Moreover, the use of longer rather than shorter stents has been advocated, arguing that they will remain in the pancreatic duct for a longer period of time, thereby ensuring prolonged decompression with subsequent lowering of the risk for PEP. 33 This is in accord with the present results in which stents longer than 5 cm protected better against pancreatitis than shorter stents with the same diameter (>5 Fr). However, even these aspects are controversial since Chahal et al. advocated shorter stents, since the likelihood of spontaneous stent migration minimizes the number of patients requiring a repeat ERCP for stent extraction. 30 Information regarding spontaneous stent dislodgement vs the need for repeat ERCP for stent extraction was not possible to extract from the GallRiks registry.
The major strength of this study is the populationbased design, analyzing prospectively collected data from a validated database. 34, 35 The large number of ERCP procedures with inadvertent pancreatic duct cannulation (n ¼ 9718) renders robust statistical power. Furthermore, the nationwide recruitment of a study population represents the complete spectrum of indications for ERCP performed at endoscopy units of varying sizes, by endoscopists with different levels of experience.
Inevitably this study has weaknesses. There is an unavoidable risk of selection bias, as the GallRiks database does not specify the actual indication for placing of the pancreatic stent. In an attempt to circumvent and neutralize this problem, only patients for whom the indications for the investigation necessitated cannulation of the bile duct only were included, whereupon it is most likely that cannulation of the pancreatic duct was unintentional. Furthermore, in the absence of randomization there is a risk of confounding by indication. For instance, the endoscopist might be more prone to performing PS in more complicated ERCP procedures. There might also be cases of inadvertent pancreatic duct cannulation not noticed by the endoscopists and therefore not registered in the GallRiks registry. The small number of patients who had pancreatic duct cannulation and underwent PS (3.9%) is of some concern. In this context it shall, however, be recalled that as many as 376 patients were enrolled into the target study group. Why the results shall be interpreted with some caution is reflected by the rather wide CIs. The long duration of the registration period (2006-2014) to be enrolled for the current observations needs to be carefully considered. Both the radiological and endoscopic techniques and the indications of the ERCP procedures have changed over the corresponding time period, which may well affect the complication rates. Ideally, a more recent inclusion period would theoretically have offered outcome better reflecting the current practice. The downside of a similar preference would be a severe compromise of the number of patients who received prophylactic PS.
Another potential methodological problem with the present study is the lack of information on the use of rectally administered NSAIDs for PEP prophylaxis. 11 This parameter has not traditionally been registered in the GallRiks registry. This deficiency of the registry has, however, been taken into consideration by the board of the GallRiks and from 2016 and onwards it will be mandatory to state whether an NSAID was administered or not. During the main time period of data collection in the present study cohort, the use of NSAIDs has not been practiced in the country.
Another issue relevant to the interpretation of the results is on which grounds the endoscopists chose the diameter of the pancreatic stent. Logically the diameter was chosen considering the size of the pancreatic duct as it was depicted on the pancreatogram, whereas a larger pancreatic duct would have resulted in a larger stent and vice versa. In order to compensate for this uncertainty, patients for whom the indication of the ERCP was chronic pancreatitis, often associated with a dilated duct, were excluded. Chronic pancreatitis per se is also known to protect against PEP. 37 Furthermore, one limitation is also that it is not possible to specify the exact type of pancreatic stent (apart from material, length and diameter) in GallRiks. However, this shortcoming of the register is now under revision and by fall 2016 it will be possible to specify whether the stent is expected to dislodge spontaneously.
Another confounder is the level of experience of the endoscopists. This factor was not stratified for nor were the number of examinations performed by endoscopic trainees. Finally, precut sphincterotomy is a known risk factor for adverse events after ERCP, albeit the PEP may not be the predominant one, but still we were unable to control for this intervention. [2] [3] [4] In conclusion, this nationwide, population-based cohort study suggests that PS with an assumed prophylactic indication using stents with a total diameter >5 Fr significantly reduces the risk of PEP compared to smaller stents. Furthermore, a >5 Fr pancreatic stent >5 cm in length significantly reduces pancreatitis frequency compared with shorter stents of the same diameter.
